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Abstract— Environmental sensors play a crucial role in a wide 
range of applications. Amongst them, humidity sensors that are 
stable and operational in harsh environments are incredibly 
important for process control and monitoring. Nanocrystalline 
graphite (NCG) is a type of carbon-based thin film material. 
Previous work has shown that NCG has excellent mechanical 
properties and is able to withstand high radiation doses. The 
granular structure of the NCG film makes it a good candidate for 
humidity sensing as the film consists of conductive graphitic grains 
with a high density of sp2 bonds and amorphous grain boundaries 
with high resistivity, adsorption of water molecule onto the film 
forms conductive pathways between grains through the Grotthuss 
mechanism which lowers the resistance of the film by a measurable 
amount. Here we report for the first time, a working humidity 
sensor with linear response, fabricated using NCG as the sensing 
material for harsh, real-world environments, which include 
exposure to weak acids via rainfall, UV radiation, mechanical 
wear, and high humidity environments. The calculated sensitivity 
of the best-fabricated sensor is S = 0.0334%, with a maximum 
resistance change of -4.4 kOhms, over the range of 15% RH to 
85% RH. The response time of the sensor is 20ms with the current 
measurement setup. The baseline resistance value of the sensor at 
15% RH is 210 kOhms. The sensor has the potential to be used as 
a humidity sensor for harsh environments due to the chemical, 
thermal and mechanical stability of the NCG film. 
 
Index Terms—Nanocrystalline Graphite, PECVD, Humidity 
Sensors, Harsh environment 
 
I. INTRODUCTION 
O PREDICT, analyze and optimize our lifestyle and 
environmental impacts, a vast amount of data is needed. 
These data could be obtained via ubiquitous sensors, implanted 
in everyday objects. For this to be realized, small, low-powered 
sensing devices are ideal. Amongst environmental metrics, 
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humidity is one of the most important. It can be used to predict 
weather patterns [1], maintain workplace comfort [2], [3], 
preserving sensitive artifacts [4], and maintaining product 
quality in the manufacturing industry [5]. Ceramic-based  
sensors are often used for resistive humidity sensing 
applications [6], [7], etc. These sensors work by protonic 
conduction, where the water vapour is adsorbed onto the 
surface of porous ceramic materials. Due to the Grotthuss 
mechanism, where charge is conducted by the adsorbed water 
via proton hopping, and thus, changing the measured resistance 
of the films. Metal oxide thin film sensors are also widely used 
for manufacturing various gas and humidity sensors [8], [9]. 
However, ceramic and metal oxide films require higher 
operating temperatures, and thus, may not be suitable for some 
applications. Polymer-based humidity sensors, such as 
polyimide, pentacene, conductive polymers such as polypyrrole 
and polyaniline, which have lower operating temperatures have 
also been proposed [10]–[12]. These sensors work by 
measuring the mechanical (gravimetric, geometrical) or 
electrical change (capacitance, resistance) of the polymer film 
due to moisture absorption. For gravimetric and geometrical 
measurements, it is often difficult to distinguish between the 
mass-shift and film expansion due to absorption by other 
vapour and water. Furthermore, polymer films are known to 
suffer from photo-induced degradation under UV exposure 
[13]–[15], have weak mechanical strength [16], [17], and 
demonstrate tendency to suffer from biodegradation [18], [19]. 
Carbon-based sensors show promise in addressing the 
shortcomings of metal oxide and polymer based sensors [20]–
[30]. Such sensors includes carbon nanotube (CNT) based 
sensors [20], [22], [31], [32], exfoliated graphene or reduced 
graphene oxide (rGO) based films [21], [26], polymer-graphene 
composite films [27], [29], [30], [33], and graphene/multilayer-
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graphene/graphite films deposited using chemical vapour 
deposition (CVD) [24], [28], [34]. Carbon films with high sp2 
bonds (CNT, graphene, graphite) are known to be stable when 
exposed to environmental factors, such as weak acids and UV 
[35][36]. 
Amongst these techniques, CVD based carbon materials 
shows the most promise as it allows for controllable large area 
growth of carbon films. However, CVD grown carbon films, 
such as CVD graphene or CVD graphite has higher grain 
boundary (GB) concentration when compared to mechanically 
exfoliated graphene or highly ordered pyrolytic graphite 
(HOPG), which leads to degradation in its electron transport 
properties. However, work done by [37], [38] shows that such 
defects are actually crucial for carbon-based sensors, as they act 
as adsorption sites for the analytes. Several research groups 
published works on gas sensors based on nanocrystalline 
graphene with defects [39]–[42] synthesized using different 
methods. The feasibility of using nanocrystalline graphene 
field-effect transistors (FET) for humidity sensing was 
demonstrated by [25]. Nonetheless, there is a lack of literature 
on nanocrystalline graphite as humidity sensors, and we 
demonstrate that like nanocrystalline graphene, thicker 
nanocrystalline graphite (NCG) has the potential for robust 
humidity sensing applications. Recently, NCG grown directly 
on insulating substrate without the need for metal catalysts was 
demonstrated. The film has great potential to be used as a 
humidity sensor in dynamic environments due to its superior 
mechanical and chemical stability [39], [40], [43]–[46]. The 
high defect density of the film contributes both to its 
mechanical stability and its sensing ability. 
In this work, we report for the first time, the use of 
nanocrystalline graphite in a humidity sensing application. We 
used catalyst-free plasma-enhanced CVD (PECVD) to deposit 
NCG directly onto silicon dioxide substrates, as resistive 
humidity sensors. The NCG used here is a thicker variant of the 
nanocrystalline graphene films reported in [47], and similar to 
the NCG films reported in [46], [48]. The films are 
mechanically stable, are suitable for use in harsh environments, 
and have great mechanical wear resistance [48]. Using this 
technology, nanocrystalline graphite films with different film 
morphologies can be deposited by tuning the deposition 
parameters [49], [50]. Our experiment shows that this device 
has the potential to perform well as a real-time resistive 
humidity sensor for harsh environments. 
II. MATERIALS AND METHODS 
A. NCG Fabrication 
 
Fig. 1.   Cross-sectional view of NCG sensor 
The NCG films were grown directly onto a silicon dioxide 
(SiO2) layer with an average thickness of 460 nm which acts as 
a dielectric insulator to isolate the conductive NCG thin film 
from the underlying p-type Si substrate. Fig. 1 shows the cross-
sectional view of the device fabricated. The SiO2 layer was 
grown by wet thermal oxidation. The thickness profile was 
measured by ellipsometry (J.A. Woolham M2000 
ellipsometer).  
NCG deposition was carried out using PECVD at 850 oC 
under a constant flow of methane (CH4) and hydrogen (H2) in 
an Oxford Instruments Nanofab 1000 Agile PECVD Chamber 
at 100 W RF power. The film thickness was varied by changing 
the deposition time and measured by ellipsometry (J.A. 
Woolham M2000 ellipsometer), while the length and width 
profile are patterned using O2 reactive ion etching (RIE). Metal 
contact pads, consisting of 20 nm of titanium and 400 nm of 
aluminum was deposited directly onto the NCG surface via 
electron beam evaporation using a Leybold BAK 600 E-beam 
Evaporator. To isolate the metal tracks on the chips from the 
analyte, 2.4 µm of SU8 was deposited using the spin-on process 
and patterned with standard photolithography. The SU8 was 
then cured at 200 oC to form a permanent protective layer. 
B. Material Characterization 
The NCG films were characterized by Raman spectroscopy, 
using the Renishaw inVia Raman Spectrometer with a 650 nm 
laser at a single spot with a spot size of about 1 µm. The Raman 
spectroscopy was performed at room temperature, and the laser 
power was kept constant at 5mW. The resultant spectra were 
comparable to those reported by [47], [48] for verification. 
To further study the conductivity and the surface morphology 
of the thin film, a VEECO Multimode scanning probe 
microscope (SPM) was used. The SPM was configured as a 
tapping mode atomic force microscope (AFM) to measure the 
surface properties of the film using a standard n-doped Si tip. 
The scanning was done at 1 Hz and 512 lines, and the phase 
shift between the AFM tip and the driving oscillator was 
extracted. The phase image was used to resolve the different 
material phases instead of surface roughness.  
Images of the film were also taken using a transmission 
electron microscope (TEM). The sample used for the TEM was 
taken from a different batch of wafers fabricated with the same 
process at a deposition temperature of 750oC as it is a 
destructive characterization process. The similarity in the 
Raman spectrum of the samples was compared and verified to 
1558-1748 (c) 2018 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.
This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/JSEN.2019.2905719, IEEE Sensors
Journal
Sensors-25539-2019 
establish the legitimacy of using samples from a different batch 
in the TEM characterization. The TEM samples were prepared 
using mechanical exfoliation into ethanol, sonicated for 10 
minutes, and micropipetted into a copper supported holey 
carbon grid (Agar Scientific Holey Carbon Film on 300 mesh 
cu). HRTEM (JEOL JEM-2100F) was used for imaging at 
200keV excitation. The selected area electron diffraction 
(SAED) image of the NCG was also taken to verify the 
nanocrystallinity of the film. 
C. Response measurement 
The fabricated chip (1cm × 1cm) was diced and assembled 
onto a PCB, the naming convention used, and the geometrical 
dimensions of the devices are summarized in Table 1. While 
images of the devices taken on an optical microscope were 
shown in Fig. 4. The chip was connected to the PCB through 
aluminum wire bonding (Fig. 3). The gas sensor PCB was then 
assembled onto the gas sensing rig via pin headers. The 
experiment was divided into 3 sets, which aims to test the effect 
of the device’s width, thickness and exposed edge on the overall 
sensing performance of the sensor. For each set of experiments, 
different devices were used.  
 
 
Fig. 2.  (a) Humidity testing setup. Blue arrows on the picture show the direction 
of gas flow in the chamber. The cover of the chamber was removed for clarity. 
(b) electrical connection of the setup, (c) block diagram of the humidity test 
system 
 
Fig. 3.  (a) wire bonded chip attached on the testing rig. (b) close-up image of 
the wire-bonded chip. 
 
Fig. 4.  (a) Optical microscope image of the strips used for testing. Device 
shown here are 300_3_30_Str  (Bottom), 400_3_30_Str  (Middle, Unused) and 
500_3_30_Str  (Top), (b) Single and arrayed NCG Strips 150_3_300_Str  (Top) 
and 150_3_300_Arr  (Bottom), (c) Optical Microscope image of 
10_20_300_Mdr : Meandered strips 
The sensors were tested in an environmental chamber fitted 
with a commercial Bosch Sensortec BME280 temperature, 
pressure and humidity sensor. The relative humidity of the gas 
chamber was increased by introducing water vapour through a 
commercial ultrasonic humidifier filled with deionized water 
(refer to Fig. 2). The term ‘relative humidity’, often used in 
literature, refers to the ratio between the partial pressure of 
water vapor in the air and the equilibrium vapor pressure of 
water on top of a flat surface of a body of water at a given 
temperature. At the beginning of each measurement cycle, the 
humidity of the chamber was lowered to 40% RH using 20 g of 
silica gel (Hannschweiller Chemicals GmbH) as the desiccant. 
TABLE I 
DESCRIPTION OF DEVICES 
Device ID 
Width 
(µm) 
Length 
(mm) 
Thickness 
(nm) 
Description 
100_3_30_Str 100 3 30 Straight strips 
300_3_30_Str 300 3 30 Straight strips 
500_3_30_Str 500 3 30 Straight strips 
10_20_30_Mdr 10 20 30 Meandered 
strips 
10_20_300_Mdr 10 20 300 Meandered 
strips 
150_3_300_Str 150 3 300 Straight strips 
150_3_300_Arr 50×3 3 300 Array strips with 
the same top 
surface area. 
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Synthetic air (Calgaz, 20% O2 in N2 balance, Relative humidity 
< 25% RH) was used to remove excess moisture if necessary.  
Humidity was increased by feeding water vapour created 
from the humidifier into the chamber for 3 seconds. After that, 
the chamber was sealed, and resistance was logged every 2 
seconds using a Keithley 2100 high precision multimeter. A 30-
minute delay was introduced after each humidity pulse for 
sensor signal stabilization. The resultant response of the sensor 
was shown in Fig. 5.  
 
 
Fig. 5.  Response of sensor (10_20_300_Mdr) to different values of relative 
humidity in steps 
 
Fig. 6.  Resistance as a function of relative humidity, taken as an aggregate of 
4 vacuum-ambient  measurement cycles from 10_20_300_Mdr 
An additional measurement cycle was carried out using a 
vacuum pump on a sealed chamber to establish the relationship 
between the sensor’s resistance at lower relative humidity 
values. The chamber was pumped down from 1013 hPa (1 atm) 
to 20 hPa (0.0197 atm) and the humidity was increased by 
introducing atmospheric air. Fig. 6 shows the measurement 
results obtained, which fits linearly with the results obtained for 
higher relative humidity values. Correlational studies were 
carried out to determine the correlation between humidity, 
pressure and resistance. The results show little correlation 
between pressure and resistance. Any apparent sensitivity 
between pressure and the resistance arises due to the correlation 
between pressure and humidity. In the absence of water vapour, 
the strip shows no significant response to changing air pressure.  
The sensor shows high repeatability across 4 measurement 
cycles, with an R2 value of 0.95. To verify that the effect of 
measurement is from the NCG film, and not the metal contacts, 
a set of NCG films with similar geometrical dimensions were 
fabricated and covered entirely with SU8. Tests on these 
devices show no response to change in humidity. 
III. RESULTS AND DISCUSSION 
A. Film characteristics 
 
Fig. 7.  Raman spectrum of the PECVD grown NCG of 200nm thickness 
The Raman spectrum of the film (Fig. 7) exhibits clear D, G, 
and 2D peaks. The high D-peak in the spectrum is characteristic 
of defective graphene sheets. The high D-peak intensity also 
indicates a higher number of crystalline defects (line or point 
defects) in the underlying graphene structure in each layer [51]. 
The G-peak represents the radial breathing mode of the sp2 
carbon in the aromatic ring structures found in 
graphene/graphite crystals. The D/G intensity ratio of about 2 
strongly suggests the presence of NCG in the thin film based on 
the three stage model of increasing disorder in carbon films 
proposed by [51], which indicates a high distribution of 
crystalline defects and edge defects, with the presence of small 
pockets with aromatic sp2 rings, suggesting a film with 
graphite/graphite nanocrystals separated by amorphous carbon 
grain boundaries. The spectrum was similar to other reported 
instances of NCG by other research groups [39], [40], [52]. 
 
Fig. 8.  AFM phase image showing clear granular characteristic and grain 
boundaries 
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The AFM image (Fig. 8) shows the clear granular structure 
of the deposited NCG. The bright and dark areas of the film 
represent the phase shift between the oscillating cantilever of 
the AFM and the reference oscillator. Since the phase shift of 
the cantilever is sensitive to the surface stiffness and adhesion 
properties [53], the phase image clearly shows the presence of 
two different material on the film. The AFM image shows 
evidence that the film is made up of crystalline grains in random 
orientations surrounded by amorphous carbons in the grain 
boundary which we further investigate using transmission 
electron microscope (TEM) as shown in Fig. 9(a). The TEM 
image shows grains of graphite nano-crystals dispersed 
randomly in a matrix of amorphous carbon. In some areas, the 
grains appear to form by multiple crystallites. 
 
 
Fig. 9.  (a) TEM image showing the granular structure of the NCG film (b) 
SAED Image of NCG film 
The selected-area electron diffraction (SAED) image of the 
NCG film (Fig. 9(b)) shows a mixture of spots and diffuse rings. 
The brightness of the spots could be attributed to the size of 
crystalline domains found on the sample, while the position of 
the spots on the SAED indicates the crystal orientation. Since 
the nanocrystals are oriented randomly, there is no clear 
geometrical pattern, which would be indicative of a crystalline 
structure, but rather a series of bright spots disperse randomly 
in a ring. As the crystals get smaller and more amorphous, the 
spots grow dimmer and are dispersed more randomly around 
the ring. Therefore, the presence of diffused patterns can be 
attributed to the amorphous regions in the film [54]. 
B. Humidity response of NCG films 
 
Fig. 10. Resistance of NCG meandering strip (10_20_300_Mdr) as a function 
of humidity 
Fig. 10 shows the average resistance measured of the NCG 
sensor recorded using different methods. For sub-room 
humidity level measurements, the statistical values are derived 
from Fig. 6, while for higher humidity readings, the values are 
taken using values from Fig. 5. 
The overall trend shows a decrease in resistance, which 
suggests the formation of shunt paths across grain boundaries 
in the strip. As graphene crystals are highly conductive, the 
film’s resistance is dominated by the grain boundaries and 
defects. The predicted baseline humidity at 0% RH, R0, is 
calculated for each fabricated device by linear extrapolation of 
the best fit line. The coefficient of determination of the best fit 
line, the predicted R0, the sensitivity of the sensor, and the 
magnitude of resistance change are tabulated in Table 2. 
Due to the different ways of calculating the figure of merits 
in literature, the figure of merits from each literature was 
converted to the following standardized form: 
S =  |(
ΔR
R0  ×  𝑅𝐻 
) × 100% | 
Whenever possible, the resistance measured is used, in other 
cases, where the resistance values are unobtainable, we used the 
reported parameter for the response. It is also worth noting that 
the percentage change reported here are taken as absolute 
values. Our film is comparable in performance to that of 
graphene oxide films and superior to carbon nanotubes. We 
would also like to mention that work done by [24] has shown 
that multilayer graphene and graphene has alternating 
resistance change due to the competing effects of charge 
transfer and protonic conduction. Sensors which use bilayer 
[21] and CVD graphene [23], have higher sensitivity, but 
require a more complicated synthesis process, where the 
graphene needs to be grown on a metal catalyst layer before 
being transferred to the desired substrate. 
From the time-domain signal of the sensor, sensor responded 
faster than the reference sensor (>2s). Our tests show that the 
main limitation for the sensor’s response was the ADC 
integration time of the multimeter, which was 20ms. A slight 
hysteresis of 5%RH was observed at high humidity reading (> 
80% RH) due to condensation of water on the sensor surface. 
TABLE II 
SUMMARY OF DEVICE TESTED 
Device ID 
Slope of best 
fit line 
(ΔR/R0/%RH 
×100%) 
Coefficient of 
determination, 
R2 
R0 
(MOhm) 
ΔRmax  
(kOhm) 
100_3_30_Str 0.0172 0.966 0.1014 -1.743 
300_3_30_Str 0.0137 0.910 0.0335 -0.439 
500_3_30_Str 0.0126 0.984 0.0203 -0.286 
10_20_30_Mdr 0.0290 0.961 1.0160 -44.751 
10_20_300_Mdr 0.0334 0.951 0.2111 -6.892 
150_3_300_Str 0.0234 0.953 0.0144 -0.329 
150_3_300_Arr 0.0260 0.955 0.0147 -0.374 
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The hysteresis was not observed when the humidity was cycled 
quickly without any condensation using vacuum pump. 
In Fig. 11, we show that as the widths of the devices are 
increased, the gradient of the resistance change to relative 
humidity slope decreases gradually. In usual sensors, gas or 
moisture adsorbed onto the surface of the sensors contribute to 
the change in resistance, hence, increasing the total surface area 
should increase the percentage of change in resistance. 
However, in the case of NCG, the effect seems to be 
anisotropic. An increase in the width of the strips appears to 
cause a decrease in the percentage of response. A possible cause 
is that majority of the moisture are adsorbed on the side walls 
of the device which has a higher edge defect density. There is 
also a possibility that the moisture adsorbs more at the NCG – 
SiO2 interface due to capillary effect. This is consistent with the 
effects of ionic humidity detection reported in various ceramic 
sensors  [6], [55]. 
 
 
 
 
 
 
 
Fig. 11.  Percentage of change in resistance of the sensor as a function of relative 
humidity for devices with different widths but same thickness and length. 
Thickness = 30 nm, length = 3 mm 
 
TABLE III 
COMPARISON WITH OTHER PUBLISHED WORKS 
Sensing Material 
Method of 
detection 
Figure of Merit 
S = (ΔR/R/%RH)×100% unless stated otherwise 
Tested Range Ref 
Graphene oxide and amine 
modified graphene oxide 
Capacitance and 
conductance 
Smax = 9.67% (capacitance) 
Smax = 0.0463% (conductance) 
5% RH – 95% RH [21] 
CVD Graphene Resistance 
S = 0.31% 1% RH – 96% RH  [23] 
Multilayer graphene (MLG) 
and Graphene 
Resistance 
S = 0.1% - 0.17% 
Response is non-linear, reported as  
[(ΔR/Rx100%)/%RH] × 100% = 10% 
Work shows various strip with alternating 
resistance change to explore the origins of such 
change. 
15% RH – 80% RH [24] 
Bilayer Graphene Resistance 
S = 0.181% 
Sensitivity calculated in terms of current instead 
of resistance 
35% RH – 98% RH [28] 
Black phosphorus (BP) – 
Graphene hybrid 
Resistance 
S = 0.62% (as fabricated) 
S < 0.14% (after 4 weeks) 
15% RH – 70% RH  [30] 
Carbon nanotube on cellulose 
paper 
Resistance 
S = 6% 
Sensitivity calculated in terms of conductance 
10% RH – 70% RH  
After 70% sensor loses linearity 
due to degradation of cellulose 
paper. 
[20] 
PDDA/Reduced graphene 
oxide (RGO) 
Resistance 
S = 8.69–37.43% 
 
11% RH - 97% RH [27] 
Multiwall carbon 
nanotube/polyimide composite 
Resistance 
S = 0.0047% 10% RH – 95% RH [22] 
Nanocrystalline Graphite Resistance 
S = 0.0334% 15% RH – 85% RH 
[This 
Work] 
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Fig. 12.  Percentage of change in resistance in strips as a function of relative 
humidity for devices with different thickness but same width and length. Width 
= 10 µm, length = 20 mm (Meandered strips) 
To verify the hypothesis, a much narrower and longer strip 
was used. Two devices with the same width and length, but a 
different thickness, were tested (refer to Fig. 4(c)), and the 
results are shown in Fig. 13. For the same top surface exposed, 
the thicker strip experiences a slightly higher percentage change 
in resistance. Note that these devices are meandered strips, 
hence, the higher percentage of change in comparison to the 
straight strips can be attributed to the longer and narrower 
structure of the device. 
 
Fig. 13.  Percentage of change in conductance in strips as a function of relative 
humidity for devices with the same total top surface area, but different amount 
of side walls exposed. Thickness = 300 nm, length = 3 mm, width = 150 µm 
(Strip) & 50µm x 3 (Arrays) 
To vary the number of sidewalls exposed, one device consists 
of a 150 µm NCG strip, while the other is an array of 3x50µm 
NCG array (refer Fig. 4(b)). Both devices have the same length 
and thickness. shows the device with more side walls exposed 
has a slightly higher slope in the percentage of resistance 
change to relative humidity curve, but the overall difference in 
the percentage of change is not very significant (Refer to Table 
2 for sensitivity value). It is possible that for wider and shorter 
strips, the effects of water adsorption on the surface is 
dominant. However, as the strips become narrower and longer, 
the effects of capillary adsorption become more dominant.  
 
C. Sensing mechanism 
 
Fig. 14.  (a) Illustration of possible condensation point between side-wall and 
substrate due to capillary effect (b) Illustration of water molecules forming a 
conductive pathway on the film surface. 
From the results, it appears that the amount of side surface 
area exposed affects the sensitivity of the film. In an extremely 
thin film with a large surface area of the same material, the 
dominant sensing mechanism appear to be charge transfer, as 
observed in previous studies done by [24], [28]. However, as 
the size of the NCG sensors is being scaled down, the effects of 
surface charge transfer diminishes. As the width of the devices 
tends towards the micrometre scale, conductive pathways 
formed due to adsorbed water molecules become significant. At 
the same time, due to capillary effect between the side walls of 
the strip and the substrate, water molecules may adsorb more 
readily at the sides of the film, hence causing a further decrease 
in resistance. For a change in conductivity to occur, the 
adsorbed water molecule need not form a continuous film over 
the whole surface of the sensor. If the physisorbed water 
molecules are close together, they readily form a protonic 
conduction chains via the Grotthuss mechanism (refer Fig. 14) 
[18,34] In such a chain, conduction will be carried out through 
proton tunneling from one water molecule to the other (H+ + 
H2O  → H3O+, and subsequently H3O++ H2O → H2O +H3O+ 
until the end of the conduction chain). Due to the presence of 
highly conductive graphite crystals and highly resistive 
amorphous carbon in the film, localized ‘pool’ of the adsorbed 
water molecule can readily form a shunt between successive 
graphitic crystals, causing a noticeable drop in resistance. 
IV. CONCLUSION 
A humidity sensor based on NCG was fabricated using 
catalyst-free PECVD onto SiO2 substrate. The performance of 
the sensor with different geometrical dimension was evaluated 
from 15% RH to 85% RH. It is believed that the Grotthuss 
mechanism plays an important role in modulating the resistance 
of the resistive strips. Shunt created by protonic conduction due 
to adsorption of water molecule dominates the effect of charge 
transfer in thicker, but narrower films, where the edge effect 
dominates. The film shows great potential to be used in 
applications where polymer and metal oxide sensors are 
unsuitable, such as wearable electronics where the robustness 
of the sensor is a priority. 
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